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INTRODUCTION 
Solid rocket motor segments (SRMs) typically consist of a rigid cylindrical 
shell, an elastomeric insulation liner, and a core of solid propellant. A rubber 
boot-liner is often included to relieve stresses between the propellant and 
insulation liner, produced near the ends of the SRM during the cure of the 
solid propellant. In the manufacture of the SRM, good bond integrity is 
required between the boot liner and propellant to prevent detrimental effects 
on motor performance, thus, a reliable NDE technique is required to detect 
possible unbond regions. One SRM manufacturer's approach was a 
radiographic method consisting of analyzing overlapping tangential x-rays of 
the bond line. The SRMs had to be oriented horizontally in a special fixture. 
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This approach requires a great number of exposures, long film development 
and interpretation time, and is hence very costly. As a result, the manufacturer 
recently developed a more cost effective reliable NDE method utilizing an 
ultrasonic pulse-echo system capable of faster in-process inspection of SRMs 
in the manufacturing (vertical) orientation. The system consists of conventional 
ultrasonic NDE instrumentation, a transducer positioner/insertion tool, and a 
custom PVDF ultrasound transducer. 
For the particular SRMs of this program, access to the inspection area 
could be made by inserting a thin flexible ultrasound transducer/tool into the 
tapered boot gap of the rubber boot liner. The boot gap, which has a 
maximum depth of approximately 10", can accommodate an insertion tool of 
up to approximately 0.190" in maximum thickness. After inserting a low-profile 
ultrasound transducer into the tapered boot gap opening, the system operator 
moves the transducer in the axial and circumferential directions, allowing 
assessment of the bonding integrity between the rubber boot liner and 
propellant. Figure 1 shows a drawing of the cross-section of an SRM with the 
ultrasound transducer in place. 
In the figure, T 1 represents the acoustic signal which is transmitted 
through the interface into the propellant. The R1 waveform is the acoustic 
waveform which is reflected from the interface. The reflection coefficient for the 
acoustic waveform incident at the interface is given by: 
where Z2 ;: acoustic impedance of the propellant 
Z1 ;: acoustic impedance of the rubber boot liner 
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Fig. 1. Drawing of an SRM cross-section showing the low-profile ultrasound 
transducer inserted into the boot gap. 
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Since the acoustic impedance of the propellant is relatively close to that 
of the rubber liner, the waveform reflected from a well bonded region is of very 
low amplitude (r ~ 0). In the presence of a liner-to-propellant unbond, total 
reflection occurs and all of the incident waveform is returned as an echo with 
180· phase inversion (r = -1). The actual ratio of echo amplitudes from the 
interface is approximately 3:1 (or 10 dB) for the unbond versus bonded cases. 
Hence, the unbond detection technique consists of analyzing the amplitude 
and phase of ultrasonic echoes from the boot liner/propellant interface. The 
presence of a large return echo from the interface indicates a void between the 
rubber boot liner and propellant (Le., an unbond condition). The system was 
deSigned for the detection of un bond conditions as small as 3" by 3". 
The physical requirements for the inspection transducer demanded very 
low profile, broadband performance, and the ability to conform to the surface 
irregularities typically encountered in the boot gap region. Although these 
requirements ruled out conventional piezo ceramic contact transducers, the 
piezo polymer technology is well suited for such applications. Previous work 
has shown that PVDF and its copolymers can be used to fabricate both single 
and multi-element low-profile flexible contact ultrasound transducers [1-4]. The 
mechanical and environmental requirements posed additional technical 
challenges for this application. In this paper we present details on the design, 
testing, and application of the custom PVDF ultrasound transducers developed 
for this novel NDE application at Elf Atochem Sensors, Inc. (Valley Forge, PA). 
TRANSDUCER DESIGN REQUIREMENTS 
The PVDF transducers were designed for the acoustic, mechanical, and 
environmental requirements of the inspection system. A design similar to the 
UDT-series ultrasound contact transducer, produced by Elf Atochem Sensors, 
was desired [4]. The transducer was to be mounted in a low profile insertion 
tool of 0.190" maximum thickness. The transducer housing, which protects 
and shields the coax cable lead attachments to the PVDF, was allowed a 
maximum width of 0.650" and thickness of 0.090", to be accommodated in the 
insertion tool. 
A nominal active sensor area of approximately 0.6" by 1.3" was desired, 
with a minimum thickness to permit maximum insertion depth into the boot 
gap. Approximately 36" of chemical resistant coax cable was required to 
interface the transducer with the customer's pulser/receiver instrumentation. A 
center frequency of 2-4 MHz was required and the typical PVDF broadband 
performance (-6 dB fractional bandwidth ~ 100 %) was considered adequate 
for the detection requirements. At slightly more than 0.10" in thickness, the 
rubber boot liner wall presents no other unusual inspection requirements (Le., 
no difficult near-surface resolution or other internal reflection problems). 
The transducer insertion tool grasps the housing and holds the 
transducer in contact with the boot gap wall at a slight angle to maintain 
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intimate contact of the active transducer surface with the boot wall. The 
transducer was required to be flexible enough to conform to the irregularities 
of the boot gap surface, yet stiff enough to be inserted into the maximum 
depth of the boot gap without folding, wrinkling, etc. 
One of the most challenging requirements for the PVDF transducer was 
the required chemical resistance to Trichloroethane 1-1-1 , the SRM 
manufacturer's required liquid acoustic couplant. Although the PVDF itself is 
chemically inert to the harsh solvent, the electroding, conformal coatings, 
housing, and coax cable required careful engineering to successfully operate 
in the harsh environment. 
CUSTOM PVDF TRANSDUCER DESIGN 
Figure 2 shows a drawing of the custom PVDF transducer, denoted the 
UDT-02-UTC by Elf Atochem Sensors, Inc. A photograph of a completed 
transducer can be seen in Figure 3. The nominal active area of the transducer 
is 1.280" long by 0.550" wide. The 0.009"-thick active sensing area features a 
multi-layer laminate construction which includes a protectivel matching layer, 
an acoustic backing layer, the PVDF film, metallic shim stock (for added 
stiffness) , EMI shielding layers, and conformal protective coatings to guard 
against the T rich 1-1-1 couplant. The sensor weighs approximately 21.4 g 
(5/8" oz.), including the 20.1 g of the 36" coax cable and BNC connector. The 
completed sensor is flexible enough to conform to the boot liner surface, but 
strong enough to be inserted deep into the boot gap without becoming 
damaged. 
Low-profile shim stock springs were used to maintain pressure on the 
PVDF transducer (on the inactive side) to aid in assuring intimate contact of 
the active sensor area with the wall of the boot liner. Considering engineering 
effort was required by the SRM manufacturer for the prototyping and 
successful development of the insertion tool. 
(top view) 
active sensor area 
(1.280" x 0.550" x 0.009" thick) coax cable (36" length, 0.070" dia.) 
(side view) 
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Fig. 2. Drawing of the UDT-02-UTC custom PVDF ultrasound transducer. 
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Fig. 3. Photograph of the UDT-02-UTC custom PVDF ultrasound transducer. 
To protect and electrically shield the lead attachments to the PVDF, a 
custom housing is injection molded over the sensor and exiting coax cable. 
Low-profile (0.070" nominal OD) ultra low noise 50 0 coax cable was selected, 
and a proprietary surface treatment had to be applied to the FEP cable jacket 
to adequately seal around the entrance to the housing. This prevents the 
Trich 1-1-1 from seeping (wicking) into the housing and affecting the lead 
attachments. Ukewise, additional conformal coating is also applied to the area 
where the sensor exits the housing. To ensure their chemical resistance, Trich 
1-1-1 soak tests were performed on all transducers prior to shipment to the 
SRM manufacturer. 
Figure 4 shows the typical pulse-echo performance of the UDT-02-UTC 
transducers when liquid coupled to a 3/8"-thick Lucite test block. The 
performance is typical of that achieved on any material of low acoustic 
impedance. The test waveform was acquired by driving the transducer with a 
Panametrics 5052PR Pulser/Receiver (Energy = 3, Damping = 60 0, Gain = 20 
dB, Atten. = 20 dB). The frequency spectrum of the first echo shows a center 
frequency of 2.80 MHz and a -6 dB bandwidth of 1.27 - 4.30 MHz (or 109%). 
The broadband performance meets the requirements for the SRM inspection 
system. 
IN-PROCESS USE OF THE TRANSDUCERS 
Since the delivery of the first production transducers, slight modifications 
have been made in the transducer housing design to further improve the 
chemical resistance. Some of the early units failed for mechanical ruggedness 
problems and inadequate chemical resistance. In addition, improvements have 
also been made to the transducer insertion tool and scanning system. A cali-
bration procedure for the SRM inspection has been completed and imple-
mented and the new system continues to provide a cost effective in-process 
alternative to the former x-ray technique for inspection of SRMs. 
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Fig. 4. Pulse-echo reflection of UDT-02-UTC transducer when liquid coupled to 
a 3/8" Lucite test block: (a) time domain reflections, (b) frequency spectrum of 
first echo. 
CONCLUSIONS 
A more cost effective ultrasonic pulse-echo inspection system has been 
successfully developed for the inspection of SRMs for boot-liner-to-propellant 
unbonds. Custom PVDF ultrasound transducers have been developed for the 
novel inspection system. The physical requirements of the application made 
the piezo film sensor technology the only viable candidate for the ultrasound 
transducers. Their low profile, high compliance, and broadband acoustic 
performance make piezoelectric polymers ideal for such NDE applications. 
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